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1 



8 



D 



B 



n 



«• bHM iir Vw HHNjdcfem w Mli of k 



VTBE 20 H 
VTB7 STBRT CYCLE H 

VTBZ DSBI (BIH 

VTB2 OBBS 1 1 )H Kl 




F2 VTB1 PBRflBZ H 



VTB1 PflRBBZ L 



VTB8 RESP H L2 
VTB2 DBBS ( 1 )H M2 



VTB8 RESP H H2 



VTB? DBB'» ( 1 )H J2 



E2e 



K2 



»TB4 PBRFIB2 L Hl^ 
VTB2 DBBB 1 1 )L J' j 

VTB8 RESP H LI 
VTB2 DB«< IB)H _m 



VTB8 RESP H _P; 
VTB2 DSae I I )H RZ 



VTe4 PRRRB2 L P2) 
VTBZ DB16 niL R2 | 



VTB8 RESP H Al 
_Ei 
VTB2 0BB6 IB)H 

VT IT START CLR H 

T3V 



Mil? 

E2e 



VTB2 DBBS t 1 )M N2 
«2 



Kl 



_Q_ 



rin3 y, Nl 
E2e ¥^ 



H2BS 
E23 

C B 

"TT" 



R2 Via-* BLINK ( 1 IH 



_S2- ««•» BLINK CB)H 




U2 VTB4 OFFSET ( 1 )H 



V2_VTB'» OFFSET (B)H 




VTOl lOT SIC H RT 



J2 VTB4 EDGE FLAG EN ( I )H 



K2 VTB4 EDGE FLflS EN IB)M 



VTB8 RESP L Bl. 
VTB2 DBB7 I01L Bl , 



MI12 \_CJ Ei-J I 

E2B ) Z_ 




> * -1 



W 



\ 



I 



4 



\ 



h* 



PDP-I5 



UNLESS OTMFBWISE SPECIFIED 



UNLESS OTHERWISE SPECIFIED 

DIMENSION IN INCHES 

TCKXRANCES 

KCllUU FRACTIONS ANGIXS 

;t -oes = i/«4 * vxr 

fWAL VJ^UX ouAurr J 
KMOVt tUMtS AND ttUUl MANP 



CHKU »»^«-/ 



MATERIAL 



t' / 



8 



PROJJtNO, 



DATE 



A-ML-VTI5-0 



NDNE 



SHcrr / OF / 



■ EQUIPMENT 
COI»»ORATION 



PARAMETER 2 



CODE 

ES 



NUMBER 

VT 15-0- 04 
I I I I I --I T 



1;. 



8 



th» twill fof Wi mtnjiaauf er Mi at 



D 



VTBS 20 H fli 
VT07 START CYCLE 
VT22 D60'« ( I IH 
VTII2 OBZS I0IH 



VT8S PBRHUa H D1 
VTB2 DBI5 n m El 



B 




VT18 BUSaa H D2 
VT3I lOT SIC H E2 



VTBS PBRRBD H H2 
VT02 DBI0 It )H J2 



Ml 13 V, Ki mS V. 

E20 r' n«"3 \ \a 

> VTe8 RESP L _Jl_rJ £20 /~^ 



'•I — .? 



o 
o 
o; i 



Hi ^ 



i^ 



I 



r 



VT02 BDBI7 H 



El VT05 L1NEB0 ( I )H 



El VT05 LINE00 (0)H 

VT18 BUS01 H _U 
.Rl VT18 B PMR CLR L VT31 lOT SIC H Ml 



VTI8 BUS 13 H , , 

VT3I lOT SIC H ^ 

VTI8 B PWR CLR H 



+3VCI4 Ul H 




EJ_ VT0S STOP INTR EN t I )H 



£1_ VTBS STOP INTR EN (0IH 



E2 



£g. 



M206 

E24 



C 



H2 VTBS LINE01 ( 1 )H 



J2 VTBS LINEBl (0)H 



VT18 BUS02 H P2 
VT31 KT SIC 



H P2 ~\ 

• M113 V_ 
H R2 E18 J-^ 



VT02 DB13 l\ m 



Ml VTBS LP INTR EN (DH 



Ni_ VTBS LP JNTR EN ia)H 



£Z. 



S2_ 



M2B5 
E22 



C 



J2 VTBS EDGE INTR EN t 1 )H 



K2 VTBS EDSE INTR EN IBIH 



02 



01 



VT05 LINE ^0 (0) L 

VT05 LINE ^1 (0) L &i-C 



Fll j— i V 



T05 SOLID H 



VTie BUS03 H _Ti 
VTD1 lOT SIC H U; 




R2_ VTBS P8 INTR EN 1 I IH 



S2_ VTBS PB INTR EN IBiM 



VT18 B PHR CLR L L2 



VTJTflPi REQ(i;l tJ< 

Ml, 



M622 
H2S 



VTBS STOP INTR EN 1 1 IH N2 
VTB3 STf-* FLfiG ( I IH P2 



VTBS LP INTR EN ( I )H Nl i .. 

VT12 LP FLflS (1)H PI >>- 

VTBS EDGE INTR EN ( 1 )H R2 , . 

VT17 EOGE FLRG II )H S2 Jp- 

VTB5 PB INTR EN 1 1 IH Rl i ^ 

VTCS PB FIND H 51 Jp~ 



VT17 EXT STOP (1 IH U2 
VT17 EXT STOP EN ( I IH _V2 



M2_ VTBS INT RO L 



D 



N2 X 

MMI v.. 
P2 ri9 h^ 



£ 



_VTBS DSPLV INTR t 




VTBS DSPLT INTR H 



- 



PDP-15 



UM.LSS QTHt WISE SPiCIFILD 



UNUSS OTHCRWSE: SPeCIFlED 

oantaioH IN mcHEi 

TOLtRANCES 

DICtUALS FMCnans WtOLTS 

£ .005 - I'M - PTC 

muL •mracx quautt ,/ 



-h 



-y- 



01Y. 









01 (NO, 



A-!viL-VT!5-C 



EEIEIBpIs! 



IPMENT 
COt^PORATION 



PARAMETER ^3 



NUMBER 

D frS VTI5-0-Z5 



n 



jij 



■1 drawn] aM apKiilcatiam. h«rWn. ut t» P«fr 

y o« DIsital C«uipmM« CoivwilMn Hd itM> art N 

(■fwodund Of ooiMd w oHd « *«* ar in part •• 



VTBZ DBBl (BIL _L2^ 
VTeZ 0622 leiL 



VTaZ DBBl (1 )L 



VTBZ OBBZ I 1 )L 



B 



E28 



finz V 



nnz V 



ly 



^ pin2 V 



B1 
Bl 
CI 
PI 



Mil? 
E32 



►(117 
E32 



VT06 aa L 

VT06 01 L 



VT06 10 L 



MM? Vv SI 
E32 



— b|- MI17 Vv- 



M117 V- ~ J2 
£32 



nil? V , V2 
E32 



ri117 V i El 
E30 



Ml 17 Vi LI 
E30 H 



MBI7 V, V2 
CI9 



S2 



mi7 Vv- 

E30 y-^ 

30 J-^ 



0- 



Ml 
C30 



M1I7 V , V2 
E30 



-VTea INST INWBIT H 

+3V E30U1 H 
. VTe2 DB00 (0)H 

VT02 DB00 1 1 IH 
VT02 DB03 IBiH 

VT02 BDB03 H 




L2 VT0S 00 H 





-VT05 M H 



N2 VT0S 10 H 





^ Si VT06 1 ^ H 



R2 VT06 20 H 





Ul VT06 24 H 



T2 VT0S 30 H 





V2 VT0S 34 H 



D 



1 VT06 40 H 




MB17 \ LI VT06 50 H 




D2 VTBS 60 H 



JIV 




El VTBS 70 H 



f--'^' usto on ;pton|mx£l 
PDP-15 



UNLCSS OTHEffwISF SPECIflED 

UNLESS OTHERWISe SPCCiriED 

DIHCMSiaN IN IHCHCS 

TOUIUNC£S 

DCCWAU ntACTIONS ANCLES 
±JBOi • 1/M ± 0*30- 

rvuL tun Kt QUUJTV y 

KM»t lURIK MID flUM IMUV 



lUTUiWl. 



on. 



TA4JJL. P% 



CHiai*>.ki.-, 



"^•^.i 



reSr 



:^^C... 



DATE 



4£XT Hi-h£h i-,.T 



BISSIDI 



EQUIPMENT 
CORPORATION 



Tnu 

INSTRUCTION 
DECODER 



SIZE CODE 

D ES 



NUHBtf) 

VTI5-0-06 



I I I I I I I 



B 



D 



8 



wnaMMWMWiw and to «M* w k MM « 



MM, I *'"J V^ 



vie? ensaa h ~E2~ 




yTB7 LDPC L 



VTB8 RCSTORC (BIH LI 
HI 



yTB7 PflRS Sia» OPO L 



VTB7 tXJ>.A » El 
VTll SET R EBS H ~hT 



-VTBS 14 H ^T^ HI IS 
018 



VTe7 CUR OSPLY SKP L 



VTB7_e iMSfl5 » ■ 81 



VT28 DSPLY SIfP I I < H CI 



vT'J^ KIR ENA H— 



r^ 



.Si. 



n\\7 V El 
EB9 A^Tey 

y vT( 




STBRT CVCLE L 

VTeS SET REOei L 

VT37 PC WIT L 

VTB9 SET REO »7 L 

«jv oieui H 





P2 VTB7 LDPC M 



*3V EI0UI 



VTe7 nSBt ( 1 )H R2 

VTBB JMSI (BiH S2 

VTBB RESTORE (BiH "Tz" 



U2 



VT07 MS ^2fl)L-2^ 
VT07 FULL(|)L^ 



MII2 \£2___£? 
VT;a7 TS CLK H- — 



VT09 SUBRUT H 


HI 




VTW BMSa; H 


Jt 


mi3 

019 









J I 

M2/J7 



-S 



-VT07 Ms^2A (I) H 



- VT07 MS^2A(P)H 




VT28 OSPLY SKP I 1 IH H? 



VTB7 BMSB3 H J? 



Mil 3 
019 




VT25 CLK DLY H- 



vTa7 nsBt 1 1 iiT 



B 



VTll KEPT STRTC raiH R1 

VTll EMPH (am 

VTll BYTE (BIH ~CT 

VTBa JMS lilH ~ii 

_^ VTB8 JHSI (BIH 

•v\fr*7 CHAR TIME EMA rf 

~VT#7 CMST STOP H " 



♦3V D16VI H H2 
VTBB SET REQ H 




HI 19 
DI6 



Via? ADR PC L 



VT4B REPT B1 L PI 

VTll REPT 82 L 

VTll REPT B3 L ~r 
VTBS REPT B1 L 
VTB9 REPT BS L 
VT4B REPT B6 L 
VTB? SET CHAR ACT L 



VT4^ CHAR I (0) H 
VT|7UAfiTCL=i L ^T^SIOPSASCHCOh. 

LI 



MII3 ysi ,.^^ 

B«6 J>^ VT^ 



VTB7 MSBZdlL _!li 



+ 3V CI7 Ul H 



LI VTB7 fiOO PC H 



zll y^- VT07 BM5«f2 H 




7 CHST STOP L k? 

VT07 MS03{llL^ 



VT06 ^^ H - 
VT4^ CHAR NCOMP(l)H — m 



^^ M6I7 )S. VTB7 BnS83 H 
+ 3V CI7UI hJ^V ^'L 



MII3 
806 



VT07 CHAR TIME ENA L 




.JI2- 



VTB7 STBRT CYCLE L 
VT07 xtER N — 

vT«»SEri»ao H 

W«7 INHIBIT VT^a lOPS-^HESET L 



VTB7 START CYCLE H 



Sl^^ CLK L 



u 



r1 



Mi 13 



»wVTD9 CHST ENA H 



VT4#CHST0PD L 
VT4# CHIN CLR L 
VTll VEC OPO L 
VTll mC OPO L 
VTI2 PNT OPO L 

VTBr7 poen skp cpo l 
VTll am. OPO L 





VTB7 MSB3 tai H F2 



VTB7 CLK /9 H 



J1 vre .' DfiTfi RVHIL (BJH 



N2 



Jl2. 



12 B2. 



M2B7 
017 



K2 



P2 Bl 



VT4.0 CHAB GO U 
?!) A13 




VT^7 RESO H 

VTB7 BHSaS H 



VTB7IRESTHRT (1 IH 
R2 VTa7 RESTART CBIH 



VTB7 MSBB I BIH 



VT37 DRTR REROY u 



F2 



VT07 OOTR RVRIL ( I IH 




VTe7 HSBB ( I IH 



VT17 START CLR L 




N2 N 

P2 MIIS Y>_S2 

R2 E17 W 



♦ 3V CI4UI H 
02 






VT07 Fl NISHED H 
_VTB7 OP DONE < I IH 



± 



1 



iy- H2B2 
^-1 FB6 



"P- 



VTB7 XFER SYNC t I, IH 
J2 I m 



VTa7 CLK H Nl 



PI 



+ 3V F24 VI H I Rl 



VTB7 MSB! I I IH 
V2 VTfl7 XFER H 



VTB7 CLK H 



VT 07 MS tZ (0> 
A1 VTB7 XFER SYNC (E 

VT 7 FULL my 



Fl VTB7 XFER DELAY L 







VT87 XFER H rHT 
VTfl7 OP DONE (BIH 



K2L2 N2P2 VTB7SCLK H 01 
N \ L "^87 MSBB t 1 IH El 



Ffl7 



MMS 
019 



0=^ 



VTB7 MSB I (flm 



VTe7 XFER H 



\m 



VT37 DMA READY H 
VTI>7 SET CHAR I L I fii 



|R2|S2|T2|U2|Y2 
-VTBB 60 H rjl 



MB VyZ 
J2J^)>- 

VTTO lOPS ASCII (l)H 
VT4a MPS RESET L 



-^S 



M2e3 

FW 









^1 ^liil ^^ !^ 



V o 



= -i n 



^h- 






8 



IH2 



-VTBS 24 H Nl 
-VTBB 84 H PI 



Ml 13 
F25 



VTS7 SET CHAR ACT L 



VTBB 20 H PI 
VTB2 80604 H Rl 



VTB2 BOB0S H SI 



PI I X 

Rl Mils V Ul 
SI EI7 P-^ 



D/ 



r 



VTBS IN (0IH Rt . 
~fFl 



VTB7 XFER OCLRY L VI. 



^^'i \>^^rpsone^»i 



- MII2 V 

M?' E34 / 



y 



V7« » ZOfiJ, fiSCVU) H 



VT07 RftftA SKIP OFO L 

VT40 CHAR RESET H 




VTB8 JMPI (em $2~ 



VTBS JHSI (BJH T2 



VTB7 SET DATA REQ L 
V2 



VTB7 XFER DELAY H 




VTC? TS CLK H 



.02. 



X2. 



017 



TT 



1 H2 VTa7 MSBB ( I IH 



J2 VTB7 HSBB I8IH 



H2B7 
017 



K 8 



LI VTB7 nSBI ( 1 IH 



HI VT87 HS8I (BIH 



M2B7 
017 



K2 



SI VTB7 MSB2 ( I )H 



1_ VTB7 nSB2 (BIH 



U2. 



52. 



VTB7 HSBS ( I )H T2 



VT 07 RE SO M 



VT 3!7 START TilwE H 



LI VTB 7 DATA REO 1 1 IH 



n2B7 

017 



K B 



1 V2 VTe7 MSB3 ( I )H 



VI VTB7 MSB3 (BIH 



K2 



VT18 B PHR CLR L "S>5m11S 
VT37 CLR REQ L TT> si El 7 



N2 E2 

MII2 
D2J B07 



VT07 5ET DATA REQ L 
vTsaiOP.S ASC lu'O L 

«2<- 



E 



D 



B 



VT17 START CLR U 



VT37 CLR REQL- 



M302 
C16 



^^MII2 



K!_VT07 DATA 
FLA(j H 



V2 R2 Rl 32 Nl SI 



"jGnpi 



FPSfuS£DO<ro5f5(jMaO£L 

PDP-15 



UNLESS OTH"r.'"=; gPcClclgP 



uNi Bs cmaa in ffi sre cwED 

TOUJUNCES 



*Ai cj^4 *nr 
wmCTWctomuiT y 



-y — ^ 



WY. 



rsf 



p^ 



Uif^ lyi^A. 



^^ 



Sifr 

7-/y- 



^-^.'^ 



'^y-^/^- 



'^a. 



SSTE^ 



3«r 






N^T NK>CR ASSY 

A-ML-VT15-0 



SWLETONE 



SHEET 1 Of 2 



E 



—"^EQUIPMENT 



H 



MAIN TIMING 



BS 



VTI5-e>-07 






7' ' 'I' 'I I 'I I 

1 




Z/i-Z-5li/'|S;|a|2 

Bai«"'j 1003 3lr? 



VTI7 FLAG U- 



VTt? MS «!l (0 L— <1 ^1 12 N^ 



VTtl7 INHIBIT STOP CLK L 



AES J Hf^l'Z ^F2 I 



VIZ? SKIP LEVEL H 
VTcS CLK ELY I H 



vrp-' ,30i.;c H- 



yT0£, 1*1 H 
VT»?-'WER DLV H 




. Vnp/MS«> (fJH 



ur^7 j£r /*( r j^ GO t 



D|-JS "7>-^/T^7 FULL (OH 



2__£p^Vr^7 FULL (I) t 



fu 



r 

.M 
I- 

P 



^ 



^ 



« ;■ 



PDFI5 




iCHflCt 



UNUSS OTHERWISE SPECiriED 

OIHINUOM IN INCMCS 

TOLERAMCES 

DECIUALS FIUCTIONS ANCkCt 
- 009 1 l-«4 = 0*M- 

riNAL SURMCt QUAklTV V 
NtMOVE UimiS aNO ■*(» ShMP 
CORNtn 



DRfl *- DATE 



DATE 
I4.7C 



L. HALIO 



DATE 
7-U-7P 



DsTT 
7-14-70 



PROP DATE 

G.BjNDY 7-i*-70 

A-lv'l-VT|6-?l 



SCALE 



SHEET 



OF 2 



QDSDflSD 



EQU 1 PM ENT 
CORPORATION 



MAIN TIMING 



SI2C|C0DE| NUMBER 

DESVTI S-P"-?? o 



n I I I I I 



-A 



1 



B 



VTB8 END TWE H PI 
VT08 JUS 1 1 )H Rl 



El VTB9 SET PC REG H 



Viae JMS 1 1 !L T2 

1m113 
VTB9 JMSI CY2 ( 1 )L U2 rj **" 



VTBS ee H 

VTa2 DB0* [BIH 
VTeZ DBe3 I BIH 



VTPa OMSCO L. 




vTae ■* H P2 

VTa2 0684 (81H R2 



VT^8 CHARST I (|)L 



K2 L2 M2 N2 P2 



Ji r 



T-r? 

2|t2L2|v2 



VTBS CLR L 



\IT0A CLR START GEN L 



H "1112 \_JLL 



VTB9 OCrER H 



VTI7 START CLR L 
VT40 CHST OPD L 



K2 VTB3 SUB H 



.1; 






\\< 






rm^ 



:\: 






>l-i^ 

^■'i 



TOP-. 5 



Usq*^? OTHERift Sr SPCC'fltP 



UhUSS OTHERWISC SPECtHED 

POf USIOM IN IHCHCS 

TOLERANCES 
K-jMAts rMCTinn ANfiLa 

rvML tuMfWC ouAinv y 

UMOVC tumn AND MUK SHAW 



MATEJUAL 






PROJ. EWC. > 



V'^re 



A VIL-VTI5-0 



SCALt NONE 



SHELT 1 OF 



ssimsD 



EQtTlPMENT 
CORPORATION 



CONTROL 
TIMING 2 



CODE 

ES 



NUMBER 

VT15-0-09 



' C-* ir.a.-..;K^:* or hM a! tlar» v.'J%aw; 



D 



B 



VTCA :;£! (fi- L 



VT44 rET l; L 



VTll LOAD D REG H 



VTaS ■IB L Bl , 
VTB2 Dees I 1 )L 61, 



MHZ \ CI 

C31 J 



VT86 4B L Dl ( 
VTM DB09 11 IL Ely 



Ml 12 ^ Q 

C3! J 



CI 



M 



H206 
C32 



C e 



rt VT13 DRaS (1 IH 



VT0S 40 L LI 
VTB2 DB13 (1 )L HI 



rt VT13 DR08 (BIH 



HI 



VTBS <B L 02p 
VTB2 OBie I I )L E? ^ 



Ml 12 ^ £2 



VTBS « L Hl^ 
VTe2 DBI I ( I )L Jl. 



Ml 12 \. 



VTB6 « L H2, 
VTB2 0612 C1IL J2( - 



M112 
C31 



> 



VKH SET tf9 L 

H2 VTI3 DRB9 (1 )H 



VTii ,£T 15 L 

H2_ VT13 DRI5 (I )H 



J2_ VTI3 ORIS IBIH 



E2 



JJ2. 



ii 



1 



M2Be 
C32 



C B 

~-o— 



J2 VT13 DRB9 (B)H 



VTB6 IB H Dl 



IkI 



M2B6 
C32 



C B 



VTe2 DB14 (I IH El 
LI VT13 DRIB (I IH 



VT4B CHfiR BCT ( I IH H2 
VTll CHBS H _J2 



Ml VT13 DRIB (BIN 



VT«« SET II L 
IN 2 



i2. 



1 



M2BS 
C32 



C 



P2 VTI3 DRU (DH 



R2 VT13 DRU (BIH 



K2 



VT4<1 SET 12 U 

SI VT13 DRI2 (I IH 



PI 



± 



D 1 



M2BS 
C32 



I 



Ul vri3 DRI2 t0)H 




VTll BYTE ft IH PI 
VTB6 SB H Rl 



VT?7 MS0l(l)L- 



--- ..._- . A, , JZ^ l 8J-5 



VTSo CLK DLV 

150 Ii5 H VT.AB m;C3 • 

CLK DLY 75 NS L 



- ' V C;HJi 



riKST 0S£0 ON CPTIOyMOD tL 

POP -15 



fl 



U^ 



I-!- 



9^ 






LVJ_ 



'..iiSftOfiiD 



UNUSS OiHERWiSE SPECIflED 

OIHCHSION IN IHCHtS 

TOLERANCES 

KCJIAU fPACTIONS AKQLES 
^ •f*Ji = 1, M * 0*30- 

nUAL S-^H:t CJALTTY y 
tUt;vt E-F- »'? ETDW tKMtF 



r-T^ 



D 



: ^ 7 ^ ^ryr/. 



LiATE . 



N£X1 MljHEK ASSir. 

A-ML-VT15-Z5 



r~' "^ 1 EQUIPMENT - 

Ul i,^ . . '.INCORPORATION .> 



D REGISTER 



SJilCODE 

D|3S 



i""-tT 1 p^ I 



NUMBER 

VTI5-0-I3 



REY. 



I I I I I I I rr 



B 



fl 



ty cr DIgUi CoutpmaM CarMnuoa MW « 
u i u a—a ar cofiiri m mat hi vMlt « 
t bn« lor Mm iMWlKkM « Ml* « Nm 



D 



B 



VTB7 LDPC H R1 



VT25 LOX H Bl. 

VTJ£ CLR X L 



T2_ 



VTZS LDY H Cl_ 
VT36 CLH f L "— 



VTt4 £03 H V2 



VTM SUM 6 H 



i 



P2 VTM PCBS It IH 



i 



RZ VTM XBS ( 1 )H 



5 



I 



c a 



i'd VIM T06 I 1 )H 



VT19 BIBS H 
VT19 fllBS H 



T 



M215 
C28 



L2 VTM PC07 I 1 )H 



1 



C B 



M2 VTM X07 (I )H 



i 



C B 



N2 VTM YB7 [ I )H 



^ 



Ml |LI 
VT19 BI07 H 
VT19 flIB7 H 



H2 VTM PCB8 t1 )H 



J2 VTM XBS n )H 



K2 VTM Y0a r I m 



T 



J1 |H1 
VT2B BIBB H 
VT2B RIBS H 



C B 



C 



D2_ VTl'f PCaS !t )H 



VTM XBS I 1 IH R1 



E2_ VTM XBS (1 IH 
VTM XBS n )H C1 




VTM Y08 ( 1 IH n 
T2 VT14 VB9 ( 1 )H 



VTM Y09 ( 1 )H 



U1 VT15 E02 H 



■h- 



El 101 

VT2B BIBS H 
VT2a 0129 H 



Bt_ VTM XBS II )L 



02 VTM XBS I 1 IL 




HI VTM YBB tl )L 



£2 VTM Y09 I \ IL 



D 



-L'P-IS 



UN'.FS? QTMfffwty spfniti 



\ED 



UNLESS OTHCmnSt SPEOnED 
PmEKSMM HMCHtS 

TOLEMKCES 
KCMAu nurrioMs untxs 
a JOS X tj** A cncr 

nVILVJf-K* 9U*LnY y 

MMMl mjianuia wnMM »m>uv 



CMKU Jk.Si 



EHa 






lUTERIAL 

y- 



A-ML-VT\H-0 



SHEn / OF / 



BBIBSIDM^ 



I PMENT 
POBATION 



-C x+Y :, 
REGIS TEI^ I 



NUMBER 

V T I 5 - - I 4 



REV, 



0.^. I ■ I I I I I rm-i 



T^■( drlwinf and 

•itretixgiw 
• bMMtorVi* 



■pKiflcabaM, fmmn. *n tfw p™^ 



B 



7 



VTa7 LDPC H _B1_ 



VT25 LDX H B!_ 
T2 



VT3d CLR XL 



VT25 LOT H CJ_ 
U2 



VT J6 CLR Y L' 



VT1S E02 H V2 



P2 VTIS PCia ( I IH 



C 

~Tr- 



<i2 VTIS X10 ( 1 )H 



S2 VTIS Y10 ( 1 )H 



f: 



Rl |P1 
VT21 BI10 H 
VT21 fll'0 H 



T 



M21S 
C23 



L2 VTIS pen t 1 )H 



i 



M2 VTIS XI I II IH 



N2 VTIS Yl 1 1 1 IH 



Ml LI 

VT21 Bll 1 
VT2I RII I H 



J. 



T 



H2 VTIS PC12 i 1 IH 



C B 



J2 VTIS X12 (I IH 



K2 VT15 Y12 (1 JH 



rjr. 



Jl |H1_ 
VT^? 6112 
VT22 BIt2 H 



C0J- 



C 



VTIS XI 1 (1 )H 



VTIS X12 (I IH Nl 
D2 VTtS PC13 I I )H 
VTIS Yll I 1 IH HI 



L2 VTIS XII ( I IL 



Sl_ VTIS Yll (IlL 



VTIS Y12 tl )H CI 
E2 VTIS XI3 ( I tH 
VTIS X10 I I )H PI 



F2 VTIS Y13 I I IH 
VTIS Y10 I 1 )H Jl 




VTIS X12 I I IL 



VTIS Y12 ( 1 1L>> 



El VTIS X10 II IL 



VTIS X13 II !H M2 



VTIS X13 I t )L 



Kl VTIS YI0 1 1 IL 



VTIS Y13 ( 1 IH 01 



Ul VTIS E01 H 



VTIS YI3 I 1 IL 



f^i- 



El 

VTiV Bit J M 

0:' 3 H 



D 



8 



CDS--5 



OTHFRWISI 



OWEMSMtl IN MCMS 

ToaiiAhCtS 
occnuu ntAcnwa unus 
± Mt ± 1/M X o-xr 

nnU. tUKtCL QUAUTT J 
lOIOVt bJIM! MO MCM tWWr 



UATUilAI. 



* ^ 



tme t^:x.y 



PROJ. E«G, 



moD. 



■t^ 



MTE 



nifr' 



OTT 



A-ML-VTiS-g:) 



SHEET / OF / 



SBIISSSDIJ.!r£?1 



EQUIPMENT 

PORATION 



PC X + Y :• 

^EGlSTEK-.^2 



CODE 



NUMBEII 

V T 15-0-1 



I I I I I l-'l T 



8 



wfMducao 9t cep4*d or HMd k 

th* bMit tor tfw rnwWiKMM « Mk Of M 



D 



VT07 LDPC H ni 



VT2S LOX H Bl 

VTJ6 CLR X L ''^ 



VT25 LDr H CI 



VT36 aR Y L 



VTI6 E01 H VZ 



1 



P2 VT16 PCI* (1 !H 



T 



i 



R2 VTI6 XI4 II )H 



i 



C 



SZ VTI6 YM I 1 )H 



Kl Kl 
VT23 BIH H 
VT23 niH H 



1 



T 



M21S 

csa 



L2 VT16 PC1S M )H 



M2 VTI6 X1S II )H 



i 



"— 1_N2_VT16 Y15 n )H 



C 



i 



H2 VT16 PC1B n )H 



JZ VT16 X1S ( I IH 



M1 LI 
VT23 BUS H 
VT23 BUS H 



' ■ * I K-2 VTIS YI6 I 1 IH 



v 



T 



J1 JHl 
VT21 BUS H 
VI VIZ* flllE H 



VT6 Yl7 (0 H- 




T 



T 



!P2 VTIS PC17 (I !H 



VTir, XIS (1 IH P2 



VTIS XIS 11 IL 



VTIS XIS [ 1 )H VI 



EZ VTIS Xt7 11 IH 



VT16 YIS ( 1 )H E2 



|F2 VT16 Y17 ( 1 )H 




VTIS XIS I 1 IL 



VTIS Y16 ( I )H J1 



VTIS YIS (I IL 



Kl VTIS YIS n )L 



VTIS XM f ! IH Bl 



SI VTIS XM I I )L 



VTIS XI7 i i )H 32 
Ul VT17 CI0I H 




VTIS X17 I 1 )L: 



El IDI 
VT21 BI17 H 
VT24 fill 7 H 



VTIS YM 11 )H n 




VTIS YI1 1 1 )L 



VTic r;7 ^i^ L 



U^ 



D 



8 



JIHLESS OTHtdWISE SPECIflCD, 



PDP-15 



UNLESS OTHCmnSe SPECIFIED 

MHCNSnM m WCHES 

TDlEiUNCES 

SCCHMJ nucnONS MOIXS 

xMt a i/M A ono- 



MATIRUL 

-y /- 



-y /- 



9IY. 



mm/.; ,, 



~^m 



CHK-D. *s- ki- MTt 



PROJ. E«a, 



^ 



MTE 



sac 



_2 



A-ML-VTI5-0 



SCALE N0\£ 



SMECI I Of I DOT. 



EQUIPMENT 
CORPORATION 



fl 



PC X^Y REGISTER --3 



NUMBER 

-16 



TX 



im2| 



9'iixr| and iMc.licttuw), haivin. ari Hi* prtip- 
il D.1I1I EgwiWTwnt CdPOWl'Ofl »nd Wi»l' not Bt 
ductd Of ccf><M or u»i3 n i^oia or •« p*n n 
•*it ;st »*• m«nBl»etUf» Of uM of tMrn* «U«<1 



vrnx oven noil) H 



MTas, rsy h 




VrZS LDY H 



vrsb SUB c£LTa H 



vrzs LDX H 



il 



■JTia 3 PV/K CLKi. 



— jrn r o/en fLO (p) H 



^10 



c t 



'j'ly fojcP, ric (I) H 



I /TIB a Pf/<. CLfiL. 

i -!^ /TIT K o.ee FLC f#) H 






jr:7 ^ OJS^ FCC (>) H 



t:. 



3f a^i vf 



1;M£5S otherwise SPEC:F1£0 

D!M|KS.aN ;N INCHES 

TCLE?!ANCES 

C£t M'Li *»*C' CS ''•CLtS 

• cm : I 64 = o*»- 

FlUXl. S'J«'*Ct CI-ALITV / 
KEMCVt aUltn "<C BBtMl SMM» 



ma:£?i;al 









CCSCHIPTION 



SHEET :_ OF 



ilia 



EQUIPMENT 
CORPORATION 



MISC CONTROL 



;i2ElCC0E NUMBER SC/. 

DBS VTI5-0-17 F 



IKo.if >nd (OM.fl:Mion(. htnui. »r» fM pnp- 



D 



C 



VT3S I/O Busea l 



VT35 I/O BUS01 L 



VT35 I/O BUS02 L 




(1518 
H25 



VT3S I/O BUSe3 L 



_M2C 



VT3S I/O BUSB'* L 



ci_ vTt8 Busaa l 
Di VT18 Busaa H 



Fl VT18 BUSBl L 
H1 VT.18 BUS01 H 



J1 VTia BUSB2 L 
K1 VTI8 BUSZ2 H 



LI VT18 BUSB3 L 
Ml VT18 Buses H 



Nl VT1B BUSBl L 
PI VT 1 8 BUSa4 H 



VT3S I/O Buses L 



VT35 I/O BUSB9 L 



VT35 I/O BUS10 L 



VT35 I/O BUS 11 L 



VT35 1/0 BUS1Z L 




VI VT18 BUSES L 
V2 VT18 BUS08 H 



CI VTI8 Buses L 
01 VT18 BUS09 H 



£!_ VT18 BUSia L 

HI VT18 BUSia H 



Jl VTIB Bust I L 
Kl VTIB BUS1 1 H 



LI VT18 BUS12 L 
Ml VTie BUS12 H 



VT35 I/Q BUSIG L 



VT35 I/O BUSI7 L 



VT3S I/O DSaa H 



VT3S 1/0 Dsai 




VT3S I/O DSaZ H K2 




VI VT18 BUS16 L 
V2 VTIB BUSIE H 



Rl VTIB BUSI7 L 
SI VT18 BUSI7 H 



DI VT18 DSaa L 

CI vTis Dsaa H 



HI VTIS DSBI L 
Fl VTIS DSai H 



Kl VTIB DSB2 L 
Jl VTIB DSZ2 H 



VT35 I/O STNC H 




VT3S I/O PWR CLR H R2 



VT3S I/O lOPBl H 



VT35 I/O 10Pa2 H 



VT35 I/O IOP01 H M2 



Dl VTie SVNC L 
CI VTIS SrNC H 



T2 VT 1 8 8 PWR CLR L 
U? VT18 B PWR CLR H 



HI VTie lOP Bl L 
Fl VTIB lOP Bl H 



Kl VT18 mP B2 L 
Jl VT18 lOP a2 H 



Ml VT 1 8 lOP ^^ L 
L1 VTIB lOP B4 H 



VT3S I/O Buses L 



B 



VT35 I/O Busar 



-^ 



VT3S I/O BUSe7 L LM, 







U2_ VTIB Buses L 
T2 VT18 Buses H 




Rj_ VT18 BUSB6 L 
Sl VT18 BUSB6 H 



VI VTIB BUSe? L 
V2 VT18 BUSa/ H 



VT35 BPIB2 GR H 



VT3S I/O BUS13 L 



VT3S I/O BUSH L 




VT35 I/O BUS IS L 



VT 1 8 HPI C (; L 
VTIB fiPI G P ri 




Nl VTIS BUSI3 L 
PI VTIB BUSI3 H 



U2 VT18 BUS14 L 
T2 VTIB BUSM H 



Rl VTIB BUS15 L 
SI VTIB BUSIS H 



VT35 DCH GR H 



VT35 1/0 DS03 H 



VT35 I/O DSa-l H 




VT3S 1/0 OSes H 



SI VTIB GRANT L 
Rl VT18 GRmNT H 




HI VTie Dse3 L 

LI VTIS DS03 H 



PI VTIB DSa-« L 
Nl VT18 DSa< H 



VT3S I/O soae h S2 



VT35 I/O SDBI H Ul 



VT35 RD STFITUS H P2 



SI VTIB soaa L 

Rl VTIB SDBO H 



_V2_ VTIB SDBI L 
VI VTIB SDBI H 



PI VTIB RD STBS L 
Nl VT18 RD STBS H 



UNttSS OTHCOrsC SttCIFIED 



UNLESS OTHERWISE SPECIFIED 

PIHENS^N IN IN.HCS 

TOLERANCES 

DCCMAU nuCTUms ANCLES 

A Mi ± 1/M • 0>30' 

™mi vjtiux oyAUTV y 

KMOVt Um! .HO MCM fWMV 



KO. Ar«i- 



~y .. ^, 



-K1L- ~ 5- '/. 



SQUIiDcif 



I PM liNT 
CORPORATJON 

-a— 



fl 



EUS RECEIVERS. 



StZEICODE] NUMBER I ' REV. 

Pi-VTI5-0-l8 -.'A 



III I I I 



a: 



8 



Th.. Jitwinf tna tptciflutwn*, «•«•>", VW Vm i 
«ny «f (h(ital EquiiNnaM CcponMA WM lIuH n 
ivprsOiic*d or c«M<) 01 uft tn vAcl* or In p» 
irw bMn for ttw nwnttfictui* W Hl« el HmM «M 

■T>!t*n p«rmatKin. 



B 



VT4a flDfi ENA H- 

VT42 tea c; {i)H- 




VTI4 X08 ( I) " 

VT4Z X TAB H 

VTI4 Ylj8(l) H 

VT4E Y TAB H 




fll VT20 B108 H 



K1 VT20 B1Z9 H 





R2 


VTB2 DBBE 


I 1 )H 


SI 




P2 


VT13 DRea 


BIH 




R1 






N2 


VT13 DR 


08 ( DH 






PI 








M2 










Nl 










R2 


V^e? DBB9 ! ' !M 


VI 










P2 


VT13 DRaS (81H 




Ul 










N2 


VTI3 DRa9 ( 1 IH 






T2 










M2 










S2 


VT2S BDD DElTH h 
VT2S SJB 


DC^TS H 







Ml VTZa BJB8 H 



VTI4 X09 (^l) H 
VT4Z X TAB H 

VTI4 Y09(|)h 
VT4Z Y TAB H 




V2 VT20 BIBS H 



VTI1 SET REGS H 



8 



PDP-\S 



UNiCSS OTHflTW=;£ SPECIFlFD 



UNLESS OTHERWISE SPECIFIED 

OIMCM^OM IN INCHES 

TOLERANCES 

DECIMALS TKUZTIDHi ANGLES 
- .OOi - l.M - O'M- 

FWiAi suBTACt ouM-rrr t/ 

riCUaVE BURK^ ANQ BBEA« SHARP 

CQRNLfn 



^BnETMr 









A-ML-vT:5-0 



BSIESIRM;!: 



IPM ENT 
Ptf.RATION 



ADDE^ GATING-' 



SIZE CODE NUMBER 

D &5 VTI5-0-Z^ 



tlT af Dt|U< Equtpmart Corponbon VM «al net ba 
rcprodwcM or mp«« or und h >iMli or M ^ m 
»»&»»<« lor »» ■Mni<ifr«i II im rf iimi .n.._i 



D 



B 



VT42 ADt^ ENA, H 2i 




R1 VT21 fill a H 



Kl VTZt RIl 1 H 



VTI5 YMJl (l) H 
VT42 X TAB H 

■ VTrS YI0 (0 H 
VT42 Y TAB H 




VT26 SJ6 :f 



Ml VT2I 8Iie H 



Vg VT21 BI1 1 H 



VTl I SET REGS H 






»• T i s . " ; : 



--•-■-15 



UNlI&S otherwise SPECIFlgP 



UNUSS OTHcmnsE sfccincD 

BM Hw aN mmcHn 

TOURANCES 

PC C IM*1J nUCTIOMt WtGLEt 

^X» X 1/U ± 0*30- 

psML sutf Acc ouAun y 

tUnW lUMt; AND iRtAK UiMT 

camcn 



HATEiUAl. 



CHK'D. Ajte. ^ 



EiiC 



PROJ-Ptf^. 



PROD. 



SHEET / OF / 



SEISSIDp.!!' 



IPMENT 
CORPORATION 



TITLE .; 

ADDER. GATl/iG 



10 + 



CODE] NUBSCR 



s 



■roOuCKl o* cop-a or irwd tti wTie* » 
I Mu for Vw m«fiur«cUf« a MM ol It 
wntUfl p>nTUWiW>. 



VT4 0ADRENA H- 



B 




VT42 TAB L 



VT40 ADR ENA M ■ 
VT4 2 ADP-IJ (I) ^1- 



OTB7 HDD PC H 



VT26 TSY H 



VT?6 TSX H 



VT31 ICT LSD H 




Rl VT22 HIl 2 H 



K1 VT22 fill 3 H 



5- 





R2 r 


VTB2 DB12 


( 1 IH 


SI 




P2 


VT13 DRI2 


ew 




Rl 






N2 


VT13 DR 


12 M !H 






PI 








M2 










Nl 










R2 


VT02 DB13 (1 )H 


VI 










P2 


VT13 DRI3 (BJH 




Ul 










N2 


VT13 DR13 (1 )H 






T2 










M2 










S2 


T 

VT2B HDD DEL'B H 
VT2B SUB 


DELTR H 








VT42 TAB L 



VTll SET REGS H 



HI VT22 BIl 2 H 




V2 VT22 BIl 3 H 



POP- 15 



UNLFSS OTHCgWlSe SPECIFIED 



UNLESS OTHERWISE SPECIFIED 

MHCNSIOM IN INCHU 

TOLERANCES 

DCCIMALX nuCTlONS ANSLES 

± .OM £ )/M ± O-Xf 

FINAL SURrACC OUAUTY / 
KMOVt tURffS AMD MCAK SHAR^ 



QTY. 



D 



B 



CHK'D. As.<. 



ENS. 



PHOJ-tXCy 



PRO%,. 



A-ML-VTI5-0 

SCALE V'jC \ E ~ 

SHEET / OF ' 



EESIEII^ 



EQUIPMENT 
CORPORATION 



TITLE 

ADDER 



GATING^ 

2+ 13 ; 



XCODE 



VT 



NUMBER 

-.-(^-2 2 



Thri itianKff and %pt^jlliMtant. Ii«i«hi. tm ttm prop 

t-Ty ol Dtgiiii E(tuit>rTMnt Ccpcwatiwi »10 Ihall not b« 

rteratfutM «r tepiM er mm In «Ae4« or m pit n 
fM b««« lof Ol* ■n«nti*Kbif» W Mit at bnw MDMut 
■nttan pumuHMk 



1 ; 



B 



VT4S; ADR ENA H -i=^ 
VT42 ADR 14 (l)H-!^ 
CI 




VTiiZ TAE L 



Rl VT23 filM H 



Kl VT23 fill S H 





R2 


VT02 DB! 


M )H 


SI 




P2 


VTI3 ORH 


!B)H 




Rl 






N2 


VT13 DR 


11 I11H 






PI 








M2 


VTB3 INCBB 1 1 )H 








Nl 










R2 


VT0Z DB15 (DH 


VI 










P2 


VT13 DR15 (BIH 




U1 










N2 


VTt3 DRtS 1 1 )H 






T2 


VTB3 1NC01 1 1 IH 








M2 










S2 


VT1 1 BOD WC H 




OCl'O h 






VT2E BDD 


DELTR M 
^T2E S'JB 


\ 




D 



VTfi2 TAB L 



Ml VT23 BI1 4 H 




V2 VT23 BUS H 



VTl I SET REGS H 



R 



8 



-DP -15 



UMFSR OTHERWISE SPECIFIED 



UNLESS OTHERWISE SPECIFIEO 

DtMCttSMM M INCHES 

TOLEMNCES 

ixaiuu nucnoNs ancics 

* .OCB ± 1/M s 0-JO- 

nfiH. iinria qimutt y 

ROiOVC WUWKi AND MtW MIAI» 

coffKcin 



UAiraAL 



OTY. 



CHKD.,fk,^fci. ; 



1? MTE , 



PROD,. ^ 



.fc V ' "1 .Htr. A ; 'r 

A-M\_-\Ti5- 'h 



BilEBIfll!.!r!S*:j.?i 



TITLE 

ADDER GATING 
14 + I 5 '* 



fl 



SI2EIC0DE 



NUMeER 

VTl?. -0-23^' 



-Rir 



O'ST I ' I I I I I I -J 'I I 



8 



noraMctd e> coptw «r wti In ttieta or m part i 



D 



B 



R 



VT40 aCR ENA H- 
VT42 ADa 16 (I) H- 




B1 VJ^^ WIS H 



K1 VT2-1 nil 7 H 



VTB2 OBIS ( 1 IH 



VKS TAB L 




VT11 SET REGS H 






UNLESS OTHrRWISE SP£C1FIED 



UNLESS OTHtTOiSt SPECIFIED 

OtHCMSlOM IN INCHES 

TOLERANCES 

Kcnuu nucnoNt mmlu 

i ,009 * 1/64 1 OTO- 

nNM. MMTACC OUMJTY / 
KMOVlKi**^ IINO ISCMSKMIf 

coawoB 



kUTir,»L 



M1 VT2-4 611 B H 



V2 VTZ't BI17 H 



D 



B 






' -T',-"^^^^ 



-^ 



?)^<A 



,ii-ML-VTi5- 



SCALE \; -\; 



eOU (PM ENT 
CORBORATION 



fi 



ADDER GATING; 
iS+i7 '; 



VT5- 



NUMBER 



DIPT r I I I I I J I I 

1 • 







J C2I . 


VTBE 50 H 
VTll BYTE (1 )H 
S SI 


Kl 




VTB2 DB13 (l)L 


LI 


mis 




Ml 


CZ2 


VT02 DB14 (1 )L 


/ 












VT^7 FULL 0) L- 



VT1B CHfiR NCOMP 1 1 )H LI 
N2 Ml 



Ml 



VT2S cr H 

VTB^ ROTHTE (BIH Nl 
VT/7 BMSB3 H _ 
VJ^? CLK A H R. 



PI 



VTI I SET PT REGS H 
VT02 DBBS (B)H 



VT2 5 CX ENi H D2 








VTB6 SB H 
VT11 BYTE (BIH 
S S2 


P1 


"■ 


P2(. 


Rl 


Ml 15 




SI 


C22 


R2(. 


VTB6 4e H 


T2 




















U2 


MII3 
C21 






^ 



nii7 

C2S 



n^ 



VT25 CLK DLY 



VTe7 BMtiZ H 

VTB7 CLK H 

VTB2 BOB06 H C 
VT11 GRRPH (DM 



M1I7 
C2S 



>>■ 






Rl I N. 

-It- mi 17 V E1 



D 



LI VT2S CY H 




VT25 CY L 




J2 VT25 LDY H 







M9I2 




•1909 
H0S 






. "1 










. SI 








. D1 






■ CI 


-vra7 PR 




Dt 


S£L Pt>» 


— ^ 






El 




• (-1 
. H 






n 






HI 




J 






. J' 




K 
LI 






Kl 






. LI 




11 






Ml 










Nl 






. P' 




, SI 




- 


SI 


"e Sii fi n 


_; Tt 




— 


_: Ti 
. ui 




. VI 




; VI 










T 




Tr 





M9I2 




.VT27 PBaa BUS L 



VT27 PBai BUS L 
\T27 PBaZ BUS L 



VT27 PBB3 BUS L 
IVT27 Psa* BUS L 



VT27 PBBS BUS L 
VT27 PB BUS ENfl L 



_VT27 CLR PB L 



VT27 SET P8 L 





M9I2 

ja3 




M9e9 
JB5 




R1 






HI 


_ 


. Bt 






Bl 


_ CI 
. 






_. CI 


E 






■ 


• r 

"" HI 






' • 




■"* HI 


Jl 






. J' 


Kl 






. Kl 


- 


LI 




, L 


Ml 






M 


. Nl 






■ N 
PI 


Rt 






• Rl 




. SI 




, SI 


TI 






TI 




. U' 




. ut 


. VI 




. VI 








■ 




■y 





VT43 INT SEL 0a L 



-VT43 INT SEL t\ L 
-VT43 INT S£L C2 L 

.VT43 INT SEL 05 L 
_VTa3 INT LEVEL 00 H 



VTea 3NT LEVEL Bl H 
"VT03 WT LEVEL B2 H 



_VT43 SCOPE -MODE H 
.VT27 CLR PE FIND L 



nsBs 
Has 



M9I2 

je3 



rises 
jas 





-i 
















■ C2 




— g| 




. 02 






E2 








F2 








- 


. "2 




! H2 








. '<2 


L2 








- 


. "2 




. "2 








• N2 




. ''2 


. S2 






l-J "2 
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1.0 INTRODUCTIO?! 

The VTlS display system adjustment must be undertaken with 
care and patience. Please attempt to understand the 
circuit and adjustment functions before starting. During 
adjustment try to correlate visual changes with the 
knowledge of how you are causing them. 

2.0 SYSTEM CONDITION 

The display system must be reasonably up-to-date for this 
procedure to apply. 

A. Display Front End 

1. Should have a new type yoke i.e. black and serialized 
rather than brown. 

2. Should have a nev? type deflection amp mounted on 
the right side below muffin fan (when facing the 
screen), identifiable by the 200*.potentiometer on 
it (old amplifier had no pot) . 

3 . Should have an RC network on the rear chassis as 
shown in figure 2.1. If it is not correct, modify it 
to conform to figure 2.1. 

4. Should have a variable terminator (74-09303-0-0) 
on one deflection axis (only on the last scope if 
there are multiple scopes) . 

B. Backplane 

1. ECO VTIS #47 should be installed. 
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C. A318f) 

1. Should be up through circuit schematic rev.C. 

D. A3170 

1. Should be circuit schematic Rev. B or greater. 

E. M7010 

1. Should have a shield installed see ECO #M7010-1 

F. A238 

1* Should be circuit schematic Rev. C or greater. 

G. A140 

1. Should be circuit schematic Rev. C or greater. See 
ECO #Al40-3 

3.0 EQUIPMENT 

The following equipment is needed: 

A. Dual trace ocsilloscope. 

B. 3 probes with grounding leads at least two Ix probes 
are needed. 

C. Alignment tool or small screwdriver. 

Check that all probes are properly compensated and that both 
channels have their gains and phases calibrated. Very 
Important . 

4.0 SU>L'IARY THEORY 

An understanding of how the analog portion of the system 
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works is necessary to get a good adjustment in a reasonable 
length of time. 

4.1 Supply Functions 

The display processor uses +5V +AS, +15V +.5V, and -15V +.5V. 
All voltages should be stable. If they are outside of their 
specified ranges they may cause general deterioration of 
picture quality. Because of the dependence of the display on 
stable analog supply voltages, it is desirable to maintain 
an on-site record of the +15V supply voltages. The +15V 
supply should be checked as a part of PM procedure and at 
every adjustment session with a properly calibrated test 
instrument and the results recorded in a chart. 

4.2 Arbitrary Vectoring and Modules 

In order to avoid redundancy in reading material you are 
referred to read the chapters in Volume 1 of the VT15 manual. 
They are as follows: 
3.1.7 Analog Function Group 

5.1.9 A3180 Vector Generator 

5.1.10 M7010 VV15 Timing Control 

5.1.11 A3170 Arbitrary Vector Generator 

5.1.12 A140 Dual Analog Switch 

5.1.13 A238 Dual Analog Summer Driver 

4.3 Phasing 

An area which affects picture quality is differences in 
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throughput between the X and Y axis (that is signal path 
between the ramp generation of the integrator in the VT15 
and the beam deflection in the CRT of the display unit) . 
Differences in throuahput nay occur in the A3170 arbitrary 
vector generator module, th- /.140's analog switches the 
A238 summer-drivers, the coax cables, the deflection amplifier 
network. Phase distortion on the A3170 is compensated at the 
time of manufacture by capacitors C26 and C27 (see print 
D-CS-A3170-0-1) . ; Phase distortion resulting from the 
A3170, A140, and A238 are factory tested. Phase distortion 
on the cables is adjusted by attaching a variable terminator 
to one end of one of the calbes. Phase distortion in the 
display deflection amplifier and yoke are provided for by 
an adjustment potentiometer on the front end deflection ampli- 
fier. 

4.4 Noise. 

^ The system is designed to provide adequate settling time be- 
tween operation in the logic timing (refer toSeC-Sto deal with 
normal noise within the analog circuits). Peculiarities at 
the beginning/or end of vectors are probably the result of 
excessive ocsillation or noise and should be trouble-shot 
accordingly. 

4.5 Display Front End 

The display has a number of straight forward adjustments. 
See figure 4.5.1 and Table 4.5.1 
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A. X Gain 

Controls the sizG of the display in the X axis by 
controlling attenuation of the X axis deflection input. 
Adjusted so that a full screen vector in X is 9 1/4 inches 
long. May be adjusted for shorter lengths if the 
customer desires (the smaller the viewing area the 
less visible any distortion) . 

B. Y Gain 

Controls the size of the display in the Y axis by 
controlling attenuation of the Y axis deflection input. 
Adjusted so that a full screen vector in Y is 9 1/4 inches 
long (or to match X) . 

C. X Centering 

Controls the position of the display in the X cixis by 
controlling biasing of the X deflection amplifier. 
Adjusted to permit viewing of the entire display in the 
center of the viewing area. If the customer does not 
use the offset area he may desire that the main viewing 
area be centered. 

D. Y Centering 

Controls the position of the display in the Y axis by 
controlling the biasing of the Y deflection amplifier. 
Adjusted to permit viewing of the entire display in 
the center of the viewing area. 
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E. Intensity 

Controls the intensity which will be displayed by 
controlling grid bias in the CRT. Has proportional 
control over all intensity levels. Adjusted (with 
contrast) to provide enough intensity so that level 
is barely visible. 

F. Contrast 

Controls the intensity which will be displayed by 
controlling the cathode bias in the CRT. Has proportional 
control over all intensity levels. Adjusted so that 
level 7 does not bloom over 30 mil spot size. 

Note that the intensity and contrast adjustments are 
interactive. 

G. Fbcus 

Controls the focus by controlling the grid bias in 
the CRT. Adjusted to provide as uniform and sharp a 
picture throughout the displayable area as possible. 
Sharpest picture in center of screen. 

H. Phase 

See discussion on phasing. Section 7.3. 
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5.0 LOGIC CHECKS AND ADJUSTMENTS 



5.1 Table Summary 5.1 



5.2 



5.3 



5.4 



5.5 



+5 Volt Logic Power 

A. Scope Points -. A05A2, C02A2, E02A2, : : 

Adjustment - Accessible potentiometer on top left of 

the H721 power supply (bottom of VTJS), 

Procedure - Adjust to achieve +5 volts average for all 

points -0 or f.lS volts. 



B. 



C. 



System Clock 

A. Scope Points - D15D2 

B. Adjustment - Potentiometer on back of M401 module in 
location D15. 

C. Procedure - With the display stopped, adjust for 250 ns 
between pulses . 

System Delays 

The duration of a delay is the amount of time between the / 
positive going leading edge and the trailing edge. To take 
the following measurements, use an "oscilloscope and SYNC + 
on channel one. 

Move Settled Delay 

A. Scope Points - C16F2 

B. ■ Adjustment - Top potentiometer on back of M302 module 

in location C16. 
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C. Procedure - Run the first section of VT15 Part II 
(Blink Square) and adjust to 3.5 usee. 

5.6 Data Flag Delay 

A. Scope Points - C16T2 

B. Adjustment ~ Bottom potentiometer on back of M302 
module in location C16. 

C. Procedure - Run the first section of VT15 Instruction 
• Test, Part II (Blink Square) and adjust for minimum 

(400 nsec) . 

NOTE: Early versions of VTl5 Instruction Test, Part II 
will not run with this delay below 3 1/2 usee. To run 
the old version diagnostic, change memory location 
3211 to 140.000. 

5.7 Short Point Settle Delay 

A. Scope Points - J12F2 

B. Adjustment - Top potentiometer on back of M302 module 
in location J12. 

C. Procedure - Run the Test 13 j^^VTlsJand adjust for 
8 usee. 

5.8 Long Point Settle Delay 

A. Scope Points - J12T2 

B. Adjustment - Bottom potentiometer on back of M302 module 
in location Jl2 . 

C. Procedure - Run the first section of Instruction Test, 
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Part II (Blink Square) and adjust for 20 usee. 

5.9 Display Console Bus Delay 

A. Scope Points - F13F2 

B. Adjustment - Top potentiometer on back of M302 
module in location F13. 

C. Procedure - Run the first section of Instruetion Test, 
Part II (Blink Square) and adjust to 750 nsec + (X-30) 
times 4 nsec, where X equals the cable length in feet 
between the VT15 and the furthest VT04 (for standard 
30 Ft. cable adjust to 750 nsec). 

5.10 Blink Delay 

A. Scope Points - F13T2 

B. Adjustment - Bot*-om potentiometer on back of M302 
module in location F13 . 

C. Procedure - With the display stopped, adjust to between 
80 and 120 milliseconds. 

5.11 Arbitrary Vector Start Up Settle Delay 

A. Scope Points - A22F2 

B. Adjustment - Top potentiometer on M302 module in location 
A22. 

C. Procedure - This delay is factory set to allow for the 
maximum settling time without exceeding the specification 
for the character drawing rate. Its normal setting is 
about 500 nsec, but will vary from system to system. 
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If adjustment of this delay is necessary, run the first 
section of Instruction Test, Part II (Blink Squares) 
and adjust to 500 nsec. Then go to normal adjustment 
procedure starting in Section 8. 

5.12 Arbitrary Vector Start Gen Delay 

A. Scope Point - A22T2 

B. Adjustment - Bottom potentiometer on M302 module in 
location A22. 

C. Procedure - Run the first section of VT15 Instruction 
Test, Part II and adjust to 100 nsec. 

6.0 ANALOG VOLTAGES - CHECKS AND ADJUSTMENTS 

The +15 volt and -15 volt precision supplies provide a 
base for most of the VT15 analog adjustments. They may be ' 
set as much as one-half volts from nominal and still provide 
normal operation. However, once these voltages are set 
and the analog adjustments have all been done, these voltages 
should not be readjusted. If a precision voltage is changed 
for any reason, the vector length analog adjustment could 
possibly have to be redone. 

See Adjustment Summary Pot Table 6.0. 
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TAr.LE 6 .0 

adjust:-:e\"t summahy pot tablk 



ADJUSTMENT TEST POINT 



rOMMnNTS 



+5V 



+ 15V 



X01A2 and X32A2 A.juBt 11721 (through hole in its cover) 
of every row 



B32V2 



-15V 



B32U2 



SHEET 
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- ?hould be 5V +.15V 

- ov 

Adiust H7 07 - lefthand pot. 
Caution: On earlier VTlS's it is 
possible to short live points within 
the nower supply if a metal adjusting 
tool is used should be +15V +. 5V. 

Adjust H707 righthand pot. 
Caution: As above should be -15V 

+ .5V 



SIZE 

A 



CODE 



NUMBER 

"T15-0-51 



REV 



SHEET IS OF 



47 



OF 



ENGINEERING SPECIFICATION 



CONTINUATION SHEET 



TITLE VT15 SYSTEM ADJUSTMENT PROCEDURE 



6.1 +15 Volts 

A. Test Points - B32V2 

B. Adjustment - Lef thand potentiometer on the 117 07 power 
supply (mounted in upper part of VT15) . 

C. Procedure - Adjust to achieve +15.0 volts. 

6.2 -15 Volts 

A. Test Point - B32U2 

B. Adjustment - Righthand potentiometer on the 11707 power 
supply (mounted in upper part of VT15) . 

C. Procedure - Adjust to achieve -15.0 volts 

6.3 D DAC Reference Voltage 

A. Test Point - A32V2 

B. Adjustment - Potentiometer on the back of A704 module 
in location AB3 2. 

C. Procedure - Adjust to obtain -10 volts. May be factory 
set at a value slightly higher than -10 volts. 

NOTE: Additional information for adjustments is given - in 
section 7.0. 
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7.0 INITIAL ANALOG ADJUSTMENT PROCEDURE 

7.1 Pot Definitions 

A3180-P1 Point Intensity D^la-y 

This pot controls a delay triggered by a signal called Start 
Generator which simultaneously starts ud the voctoring. We 
delay the intensity turn on to match up the delay introduced 
in the X and Y analog networks, 

A3180-P2 Vector Length 

This pot controls the end point of the vector being drawn 
on the CRT. It is done by introducing a linear voltage 
error to the D DAC, which in turn controls the magnitude 
of the ramped voltage in the intergrator. 

.J 

A3170-P1 X G.-iin 

This pot will allow one to match the vector length of the 
Yaxis. Any error between vector lengths of a positive and 
negative direction will occur duo to errors beyond the A3170 
signal path. 

A3170-P2 X Phase Control 

A3170-P4 Y Phase Control 

These pots set the zero volt start position for the output 

of the MDAC's. Wiien the pots are set so that the outputs 

are zero for a uC voJtago level, turning more counter- 

clockwisfi o!i each vol qenerates a nhaso control 'diich allows 

one to sot the X and Y final outpucs to a zero phase error 
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roferenced to each other. These controls should always be 
sot last, after phasing in the CRT and the cables and 
setting the A3170-P3 and P5 pots to zero offset. 

A3170-P3 X Output Offset 

A3170-P5 Y Output Off set 

These pots correct any inherent offsets produced by the 

operational arriplifiexs following the MbAC's. They cannot 

bo used to correct an error produced by the MDAC. 

A704~P1 Coarse Vector Length Error Control 
A704-P2 Fine Vector Length Error Control 
These pots Should be used to correct percentage error of 
vector lengths meeting their predetermined end point. This 
; is most noticable as the vector lengths determined are 
( longer and longer. Test 13, with PE.l in a ot.e or zero 
shows the accuracy of end point matching. 
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FIGURE 7.1 
Pot Locations for Analog Adjustment 
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7.3 D DAC (Digital to Analog Converter) Adjustment 

NOTE: In addition to the Basic Vector adjustments, there is 
also a gain adjustment of the D DAC module. This adjustment 
is factory set to a very close tolerance; however, if the 
DAC drifts or is replaced, there is a method which may be 
used to adjust it. 

A. Select test 13(8) °^ "^^^ VT15 Little Pictures program 
v'ith PBl on a 1, Assure that the shortest vectors just 
meet the point (A3180-P2 vector length adjustment) . 
Observe for overshooting or undershooting on all length 
vectors. If so, follow next few steps to correct the error, 

B. To adjust, place the D DAC module {AB31) on a double 
height extender board and turn the "trim pot" until the 
lines just meet the points. Go back to 

the vector length adjustment and readjust ^f necessary. 

C. -lOV Reference Voltage Adjustment 

The D DAC reference voltage supplied from the A704 module 
has a direct control on the output of the D DAC. Since the 
adjustment on the ABISYA D DAC module doesn't always allow 
a sufficient output of the D DAC, it is sometimes necessary 
to increase the negative voltage output of the A704. 

D. If a sufficient output cannot be obtained with the 

D DAC adjustment, then the -10 volt reference may be varied 
as follows: 

1. Put the A704 module (AB32) on a double height extender 
module. 
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2. Follow the D DAC adjustment given in Section 7.3-B 
but use the medium and coarse adjustments on the 

', - A704 instead of the adjustment on the D DAC module. 

NOTE: Both the -10 volt reference adjustment and the 
D DAC adjustment have a larger effect on long lines 
than on short lines. Since the vector length 

;:>' i;V • adjustment has the same effect on long and short 

v^'; ';;" lines, favorable results may be obtained by going 

back and forth between these adjustments. However, 

; ^i V it must be remembered that there are some non- 
- . linearities in the system with regard to line lengths 

^ ' U. and it is nearly impossible to achieve perfect results 
over the entire range. 

3. With Ptel on a 0, observe the horizontal vector 
leng^ths. If lengths do not meet the intensified 

^* '\ iJoints adjust A3170-P1 for X Gain. This pot allows 

you to set X Vector lengths to Y Vector lengths. 

7.4 Display Phase Check and Adjustment 

The VT15/VT04 system is sensitive to circuit delays and 
circuit throughput .time. For this reason care is taken 
to make Surcjv^that the X and Y deflection signals leave the 
VT15 logic in the exact correct time relation to each other. 
This time relationship is termed "phase". 

Since the coax cables that connect the VT15 to the VT04 may 
y .introduce a phase change between the X and Y analog signals. 
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a variable resistance terminator is used at the end of one 
of these cables. The end of the other cable will have the 
standard 100 ohms terminator. The throughput time of the 
variable terminated cable may be changed by adjusting the 
terminator. In this way the phase of the X and Y cables 
may be corrected. 

Before adjusting the variable terminator check the phase of 
the display oscilloscope as follows: 

A. Turn the intensity on the Kratos display to rainiramn 

(fully counterclockwise) and remove power from the 
display chassis. 

B. Unplug the X input BNC connector at the display chassis. 

C. Using a lead with alligator clip terminations, (not 
longer than 3 inches) jumper the X and Y inputs under 
the chassis where the BNC connectors are soldered to 
wires leading to the amplifier. 

D. Load and start Little Pictures Test 2, «. (Phase). 

E. Apply power to the Kratos and slowly turn up the 
intensity, being careful not to burn any spots on the 
phospher . 

F. The display should be a diagonal line of varying 
intensity. If the Kratos is not properly phased the 
disnlay will appear as tv.'o lines touching at each end, 
but separating noticeably over some part of their length. 
Should there be a gap, observe this picture and adjust 
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M. 



the pot on the preamplifier of the Kratos unit until 

there is no gap. Non-linearities may show up at the 

end points of the lines which will show up in all 

adjustment tests concerning phasing. 

Turn the intensity on the Kratos to minimum and remove 

powet from it. . 

Remove fchP jumper between X and Y inputs and reconnect 

the X . input. 



7.5 Variable Terminator Adjustment 

A. Shutdovi^n th6 system and remove the Y output coax 
termipoint on pin B14V2 and connect the termipoint 
to pin A14V2 using a lead with alligator clips (not 
longer than 2 inches) . 

B. Select routing 2 iq\ (Vector Curvature) of the Little 
Pictures diagnostic and observe the large diagonal line 
display. This diagonal line is made up of two crosses, 
drawn "in /different directions su^'*er imposed on each 
other. If any part of the superimposed lines of the 
cross separate much more than a line width, then adjust 
the variable terminator as necessary. 

1. Put the variable terminator at the end of the X coax 
cable and leave the standard 100 ohm terminator on 
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the coa:: cable. 

2, Adjust the variable terminator until the super- 
imposed lines line up on top of each other. 

3. Remove the variable terminator and meter its 
resistance. If it is over 100 ohms, then swap it 
with the Y axis terminator and readjust it as de- 
scribed in 2 above. Again, meter the resistance 
value. It must be between 50 and 100 ohms. Other- 
wise there is a problem elsewhere in the system. 

Shutdown system and replace the Y output coax back to 
B14V2. 



7.6 Vector Time Verification 

A, Select Test 16,g»in Little Pictures Test. 

n. Place oscillosco; >.■>. channel A to 1 volt per cm on pin 
A17B1. Sync external positive with sync probe to pin 
E31B1. Set time base to 5 microseconds per centimeter. 

C. You are observing a full scale vector being executed. 
The time verification should be as shown below: 



/ 




^5.4 Volts 



1 



<3 2 usec- 
>27 usee. 
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8.0 ANALOG VECTORING ADJUSTMENTS 

8.1 Set Up of Brightness Levels 

A. Select Little Pictures Test 5 

B. Set the level of intensity so that it is just bare'.y 
visible. 

NOTE: Use of Push Buttons on CRT console for selecting 
individual test a^d subtest is recommended. They are 
decoded as follows with the AC switch 02 on the PDP15 
console selected to a 1 position, 



AC 
Switch 
fifi 




, AC 

Switcl- 



EAC 
wi 
_i 



tcH 
M 



AC 
Switch 
A5 



AC 
Switch 
I 16. 



AC 
Switcl: 
17 



PBl 



PB2 



PB3 



PB4 



PBS 



PB6 



The only subpictura not possible to select is the vertical 
phosphor test, which is selectable by setting the PDP15 AC 
switch 02 to a one position. 

Be sure when setting Brightness of the CRT that you do 
it in the environment of ambient light that the customer 
will be frequently using. This will help in adjusting 
the CRT for best quality. 

8.2 Output Offset Adjustment 

A. select Little Pictures Test 2^^^ 

B. Observe the box at top center. Turn the A3170-P3 Pot 
and converge the six vertical linos to two lines. 
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C. Turn the A3170-P5'pot and converge the six horizontal 
lines to two linos. 

Concept of Box: 

This box was drawn specifically to set the offset pots. 
As can be observed each side of the box has three lines. 
The lines are drawn as follows: 



->■ 



error 



+ 



error 



i 



Arbitrary vector with opposite axis switch 
positive 



Basic vector with opposite eixis dissabled 



Arbitrary vector with opposite axis switch 
negative 



When there is no error on offset the three lines converge 
to one. Superimposition of lines drawn in this v/ay do 
not include phase problems as long as A3170-P2 and Pi are 
fully counterclockwise 



-p^ 



^ 



8.3 MDAC Phase Adjustment 

A. Select Little Pictures Test 2 



C8) 



D. Observe the 45° rotated box at the upper center of the 
screen. 

NOTE: In this adjustment it is a prerequisite that the box 
above this one must be correctly aligned as explained in 
paragraph 8.2. Also paragraph 7.4 and 7.5 must be completed 
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so as not to confuse the convergence of these lines. 

Do not bother observing' the large X convergence at this 
point. 

C. Turn pot A3170-r2 while observing that the 45° box 
will converge from 2 line? on each side to one. If 
the lines are not converaing set the pot back fully 
counter-clockwise. Then turn pot A3170-FH to converge 
the lines to one on each side ot th':» box. 

D. If there is a need to tict more spoed throughput in the 
A3170 you can turn one of the two pots clockwise a 

. number of times. Then correct the out of phase 45° box 
by turning the 'other pot clockwise until line converg- 
ence occurs once again. 

NOTE: By turning either pot to far clockwise, the starting 
point of the intensified vector will move off its true 
position as an offset in the same axis as the vector is 
being generated. This can be easily noticed by observing 
the upper box starting positions. 

E. Observe the large X in Test 2.g«. The X may look 
double visioned. If so, turn the pot A3170-P1 (the 
X Gain pot) so that the doubled X converges to one. 

NOTE: If you cannot get a perfect large X and you have 
tuned in the lvto boxes your possible problems may be as 
follows: 
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a) Set A3170-P1 (X Gain) so that the large X looks 
lik3 this if possible; 

{somewhat exaggerated) 



b) 




This means that the phase of the CRT when 
drawing from the positive of the X amplifier 
and the negative of the Y amplifier or vice- 
versa is in phase error. This would mean that 
the preamplifier in the CRT could be in error. 
Be sure to run tests in section 8.7 before 
accepting error to be in preamp. 

Otherwise the preamp should be replaced. 

^ndpoint curve) 
Y Axis Problem, 
or 




X 



X Axis Problem 



This would mean most likely that an op-amp 
reaches its limit in linearity; that possibly 
the A140 has net received ECO#A140-0003 . If 
you change the position pots of the CRT display 
and the lines straighten out, the CRT preamplifier 
or power amplifier is in error. 
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8.4 Tuning of Vector Lengths and Intensity Turn On 

A. Select Test 3,g) of Little Pictures Test. 

B. Set PBl to a one. This will give you a number of 
different size squares on the screen. Sizes 7, 17, 20, 
37, 47,77, 177, , and 1000 octal line lengths. They 
are drawn counter-clockwise. 

C. Observe starting points of lines. They should have a 
bright spot because the A3180-P1 is fully counter- 
clockwise. Turn this pot clockwise until the spot 
becomes equal in intensity as the rest of the line. 

If you turn the pot some more you will observe that 
the starting point of the vector will move off its 
true position, as shovm below. Arrows show direction 
of vector being drawn. 



« 



£. 



^ 



€. 



n 



•error 



Bright Spot 



Correct Positioning True 

■ Starting Point 
Not Correct 



NOTE: A brighter spot rnay occur when the two lines overlap 
each other. Keep this in mind when setting up the intensity 
starting point. If necessary, turn the A3180-P2 (Vector 
length control) pot so the end of the vector appears as 



■ri|-ri -[' 
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shown above. 

The fact that you cannot accomplish true position start 

up may be due to the offset controls A3170-P3 and P5 not 

set accurately enough, or the MDAC phase adjustments A3170-P2 

and P4 are producing ?. positive from volts starting 

position. 

D. Observe end points of lines. Especially lines on 

smaller boxes because they are the same vector lengths 
that generate characters. 

Turn pot A3180-P2 so that the lines overlap the 
starting points of the next lines as shown below. 
Arrow shows direction of line being drawn. 



Vk 



8.5 Character Fine Tuning 

A. 1. Select Test 16 /g« ancl lengthen the vector length 

so that characters will look squared up as so. Pick 
this character from somewhere in the middle of the 
bottom of the screen. 




- — — 



Overshoot 



:v 



Correct 



V 

Undershoot 
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B. 



If you cannot accomplish this it is possible you 
have not set another pot correctly. It may 
look like this: 



y 



This would be a problem similar to paragraph 
8.4. step C. Please refer to it. 
Another phenomenon would be for the character to 
look like this; 



\/^ V- 



This could mean that the X and Y output offsets 
A3170-P3 and P5 are not set accurately. They are 
producinq here bad starting in the X axis on 1 and 
bad starting in the Y axis on 2. 
At this point all characters should be looked at for 
best quality in Test 16, g.. Vector length and Intensity 
delay should be moved so as to satisfy overall quality. 
The one error that may show up when everything else looks 
good is in tither character may show up as follows: 



^ 



Overshoot 




r 



Overshoot 



This occurs due to unlinearity in the start up of the 
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CRT. It is possible that your scope might exhibit 
this. You can got some of it out by understanding 
some technical points of the Analog. 

1. The Intcrgrator pin A20U2 looks like the example 
given below when drav;ing any line on the screen: 

— 500 MV or as much as lOV 
or lOMV for one unit move 



OV 




NOTE: This step is produced by capacitor C on the 
intergrator in the A3180. A47 PF should be there. A 39 PP 
capacitor would make a faster step. 

2. The X or Y outputs A17B1 or B17S2 respectively, 
look as follows, depending on the position of 
A317 0-P2 or P4, respectively. 

y^ T^ J. n»^T 



+ 



50MV 




Inout of MDAC 
T.P. X is A17 
T.P. Y is 



X or Y outputs (below OV setting 
vector delay out at the same 
time it lowers the amplitude of 
the 2T section of the vector) . 



SIZE 

A 



CODE 



NUMBER 



REV 



DEC FORM NO DEC 16-(3«1)-1022-N370 

DRA 108 



SHEET 36 OF 



47 



»|ERING SPECIFICATION BflStlSI) continuation sheet 



tITlE 



•mi- 



VT15 SYSTEM ADJUSTMEUT PROCEUURK 



3. The reaction of this start up of the vector outputs 
v/ill correct moat CRT dcf f icicncios. 



1 




/ slow I 
, start I 

I 



BEFORE 



AFTER 



R.6 Character Speed Verification vs Quality 

A. Place oscilloscope channel A to 1 volt per cm. on pin 
E31S1 (character Input H) and Sync, internal positive 
to Channel A. Set time base to .1 millisecond per 
centimeter. 



B. 



Select Test 16 of Little Pictures Test. Observe 
(8) 

t-ie time that Channel A remains high {/\J3W) . It has 
to be less than 660 microseconds. This time is produced 
by a. sentence structured in the test. It says, "The 
little brown fox jumped over the lazy dog." 

The time for execution of each character averaged out is 

660 f 44 characters = 12 microseconds. 

This time can be increased by two methods. Both involve 

eventually decreasing quality in the characters. 

1. Bv turning the Dots A317 0-P2 and P4 clockwise being 
careful for phase adjustment and non-true position 
start up of vectors. To avoid redundancy I refer you 
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to paragraph 8.3 Section D. 
2. By lowering the delay (Start Gen.L) ; 

a) First select the Directory, Test 

b) Choose the line 

01610 = OCTOGONS OR SQUARES 

c) Turn the top potentiometer clockwise or count- 
er- clockwise in slot A22 while observing the 
tops of the characters; scanning from character 
to character. 

When the tops of these characters begin to look 
like they are waivering ,back off with the pot 
until they are normal once again. This problem 
occurs due to the limitation of the position DAC's 
settling times. 

8.7 Closer Observation of Vector Gain Versus Phase Errors 
While observing lines of different vector lengths, for 
example in Test 13(8) °^ ^(8) ^^^^ the push button PBl 
on a one, you may observe errors such as below: 
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These are possible errors of positive going vectors versus 
negative going vectors. These errors will deteriorate 
square looking larger boxes as well as the quality of the 
Large X in Test 2 .q. [Refer to section 8.3 E(a) which 
is effected by this error] . 

In order to help observe these errors more closely, two 
display files have been generated. They were generated 
in MACRO so as to allow one to generate a papertape from 
it, if so desired. The nneinonics for the file is as 
follows with the program following it. 



7030ja4 
703J801 
203020 
215252 
220004 
144000 
140000 
400000 
402000 
404000 
406000 
410000 
412000 

A 1 Aantr: 

'* ■*• t JU JU J[f 

41600 fS 
600000 
204000 
020000 
750004 



LSD=703004 

SDSF=703001 

PARI=203020 

PAR2=215252 

PAR3=220004 

PX=144000 

PY=140000 

V0=400000 

Vl=402000 

V2=404000 

V3=406000 

V4=4 10000 

V5=412000 

XT^-_*T M 1^ At rt 

V7=416000 

DJMP=600000 

DSTOP=204000 

i::^T=020000 

LAS=750004 
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10200 




10200 


750004 


102(11 


741100 


10202 


610210 


10203 


210272 


10204 


703004 


10205 


703001 


10206 


610205 


10207 


610200 


10210 


210273 


10211 


610204 


10212 


203020 


10213 


215252 


10214 


220004 


10215 


144377 


10216 


140777 


10217 


42100(1 


10220 


4040.10 


10221 


431000 


10222 


144777 


10223 


140377 


10224 


425000 


10225 


400010 


10226 


43 5000 


10227 


144377 


10230 


140377 


10231 


421000 


102:2 


425000 


10233 


431000 


10234 


43 5000 


10235 


204000 


1023 6 


203020 


10237 


215252 


10240 


220004 


10241 


144000 


10242 


140000 


10243 


423777 


10244 


433777 


10245 


145777 


10246 


140000 


10247 


427777 


10250 


437777 


10251 


144377 


10252 


140357 


10253 


423000 


10254 


433000 


10255 


145377 


10256 


140357 


10257 


427000 



START 

DO 

STR 
ADD0 



ADDl 



STR 
(ADDl) 



.-1 

START 
(ADD0) 
DO 



.LOC 10200 

LAS 

SPA 

JMP 

LAC 

LSD 

SUSF 

JMP 

JMP 

LAC 

JMP 

PARI 

PAR2 

PAR3 

PX1377 

PY1777 

V0 1 1000 1 INT 

V2I10 

V4 110001 INT 

PX1777 

PY1377 

V2 11000! INT 

V0110 

V6 11000! INT 

PXI377 

PY1377 

V0 11000! INT 

V2 11000! INT 

V4! 1000! INT 

V61 10001 INT 

DSTOP 

PARI 

PAR2 

PAR3 

PX 

PY 

V1117771INT 

V5 117771 INT 

PX11777 

PY 

V3 117771 INT 

V7 11777! INT 

PX1377 

PY1357 

VI 11000! INT 

V5 110001 INT 

PX11377 

PY! 3 57 

V3 11000! INT 
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10260 


437000 


10261 


144730 


10262 


141050 


10263 


422100 


10264 


432100 


10265 


145050 


10266 


141050 


10267 


426100 


10270 


436100 
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A. Figure 8.7.1 is on the screen when one starts the program 
at location ljEl2i30-g. with the AC switch 00 on a zero. 
This picture allows one to reference a perpendicular 
line against the end point of a 1000 ^^^ unit vector. 
Caution must be observed that the starting positions 
of the opposite polarity lines are equal. The error 
you will find here is increased as the vector lengths 
are made longer and decreased as the vector lengths 
are made shorter. There are three possible problems 
that can produce this symptom. 

a. The A140 in that axis has unequal output waveform 
in positive to negative throughput. One easy 
way to check this is to switch the Al40's axis. 

b. The A238 may be showing unequal gain entering the 
positive side compared to the negative side of 

the LM318 amplifier. In this case it is possible to 
" retrira the amplifier by changing the value of the 
resistor Rziin the X axis and Ri^in the Y axis. 
Instructions are if the negative vector is shorter 
than the positive vector decrease the R value by 
approximately 75 to lOOK ohms. If the opposite 
vector errors occur than increase the R value by 
approximately 200K ohms. 
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c. The CRT can exhibit unlinearities as the vector 
is being drawn towards one end of the screen. A 
vector may start at true position because the CRT 
has been given time to catch up with the normal 
display file latencies. 

By moving the total picture with the position pots 
around the screen one can observe how the scope 
remains linear with position sensitivity. Increas- 
ing the Gain pots and moving the picture around 
will force the scope to work harder. Possibly 
showing up its inability to slew linearly. Observe 
though that the actual error will increase with the 
gains increased. 

Preamplifier and power amplifier stages have possibly 
been strained by some previous catastrophie. This 
test will show it up. Power transistor emitter 
balancing resistors could also have changed their 
values which would effect this type of problem. 

Figure 8.7.2 is on the screen when one starts the program 
at location 1)3200. gj with the AC switch 00 on a one. 
This picture allows one to accurately check if vectors 
drawn of different lengths in X pattern will show up 
any out of phase conditions. Possible errors can occur 
as follows: 
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a. Figure 8.7.2 has a gain error. The largest 
diagonal lines (3,4) will not match but cross 
each other towards the center. Lines (7,8) will 
show smaller errors. No error in lines in (11,12). 

b. lOOjgj unit vectors are out of phase, while others 
are in phase. Start up unlinearity in vectors; 
offsets the small vector phase accuracy making it 
look like a simple adjustment of phase pot 
necessary. If adjustment is made large vectors 
will be out of phase. 

This is usually due to a bad preamplifier in the 
CRT. If not so the problem should be scoped out. 

c. End points of vectors not meeting. This problem is 
'• . mentioned in section 8.3.E(b) please refer to it 

for the case of the Al40's. 

This problem can also be in the CRT as mentioned 

in section 8.7.A(c). Please use those directions for 

this picture. 

d. Lines waiver in and out of phase during their slew 
across the screen. This would mean that the 
vector being drawn is either exhibiting linearity 
limitations in the CRT, or an oscillation has been 
surperimposed on the waveform. 
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If there is unlinearity limitations or superimposition 
it must be scoped out and the bad amplifier must be 
replaced. Superimposition can sometimes be due to 
queer effects of the AC ground terminator (figure 2.1) 
in the rear of the CRT. Bad ground shielding on the 
co£uc cables can also exhibit this problem. 
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8.8 Observation i^or Arbitrary Vector Mode 

A. Select Test 11 .g. 

B. Observe the 100 unit arbitrary box compared to basic 
box. The arbitrary vectored lines should not be any 
longer than 10 mils ov.:;r or under the basic vectored 
lines. If this occurs as an error th3 compensation 
could be at fault in the A3 1 80 module. It is also 
obviously error ina y/he'n tho ot-her arbitrary boxes 
vary in end point matching when all the respective 
basic boxes are correct. 
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ge:;ekal 

The need for this option arises out of the inability of the basic 
systen to draw vectors in more than the normal eight directions 
ir. hardware. Previously, if a "non-basic" vector was desired, a 
software alccrithra was required to simulate that vector by a seri( 
of basic vector commands. This tends to be very inefficient from 
a cere usage and time of execution standpoint. For example, a 
22.5" vector would take 512 basic vector instructions whereas by 
using the WIS option only two are required. Addition of the Wll 
option however, docs slow down execution of basic vectors and 
characters due to the longer overhead of the option. 

The Graphic 15 with the r-oitrary vector option (W15) installed 
are shown below: 



Character* 
IfOng Vector t 



178 Units 
208 



1008 

4008 

17778 



15us AVE 



1 



14ys MAX 

18ys MAX 

19vis MAX 

26ys MAX 

50ys MAX 



♦Execution time of "The quick brown fox jumps 
over the lazy dog.," in Character Input Mode/44 
characters. 

"♦"Execution time of 10 vectcrs including 
I/O Latency with the I/O loading delay (C16T2) 
adjusted to .3ws» divided by 10. . 



Further, since the arbitrary vector data requires two PDP-15 
words, the vector execution requires two fetches from the PDP-15 
memory and therefore extends the time of execution. In essence, 
this neanr the double buffering action of the VT15 on basic vecto 
is not available on arbitrary vectors. 

2.0 THEORY OF OPERATION 

The W15 option consists of two modules. The first, the M7010,is 
concerned with routing the data from the DB (data buffer) and IB 
(input buffer) through to the proper registers, in the proper se- 
quence, depending on the instruction (long or short arbitrary vec 
tor). The second, the A317, is analog in nature and takes its 
inputs from the MlilO and the existing basic vector generator, and 
modifies the slope of the output ramp to reflect the given vector 
ccrjnai-id. A general theory of operation of each board and a over- 
all system -jiev; v;ill follow. 
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3.0 M7010 

The M7010 consists of the following logical groups. An input 
data multiplexer, two - 10 bit registers, a timing chain, magnitude 
comparator, and gated output circuits (see Figure 1). 

The 8263 input multiplexers are connected to the input buffer, 
data buffer, and the outputs of the^X and>aY holding registers 
(8202) mounted on the M7010. The function of the multiplexer is 
to take the data from the IB and DB and gate it into the X and Y 
register. The data is unpacked in. format according to the actual 
instruction being executed. For example, if the instruction is a 
long arbitrary vector (two - 18 bit words) then the DB register is 
gated through to the^ X and the IB gated to the/|Y holding registers. 
Should the instruction be a short arbitrary vector, then the proper 
bits of the DB are routed into the X and Y registers. Upon a "go 
pulse" from the main VT timing the registers are loaded and the 
8263 's are set up for the shift left operation. In order to draw 
at an approximately constant rate on the screen, the vectors must 
be scaled up proportionately. The most significant bit of the X 
and Y registers is examined for a logical one. VOien this bit is 
found shifting stops, and a "START GEN" is given causing the start 
of the actual drawing process. The last state of the 8263 muLti- 
plexer is that of "all ones", where each, output is a logical one. 
This occurs whenever an instruction 10 or 30 is not being processed. 

The 8202 ten bit registers hold the X and ♦Y Slope information 
and are directly connected to the Multiplying Digital-to-Analog 
Converters (MDAC) located on the A3 17 module. 

Before shifting, the SN7485 magnitude comparators sense the 
larger value of the two values of /< X and/^Y slopes and sets a FET 
switch located on the A317 as well as gate the larger value into the 
DR Register at the proper time. 

The timing consists of a 250 NS delay line where a pulse is 
put in one end. Timing sequencing occurs as the pulse travels down 
the line, and is reshaped and recycled if a logical one is not sensed 
in the MSB position of either the X or Y 8202 register. 

The output gating circuitry connects the X Register, the Y 
Register, and the larger of the two, to the DR Register at the 
appropriate times. 
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4.0 A3170 

Tlio A3170 consists of distinct sections: 

1. Two multiplying digital-to-analoy convortors (MDACS) , 

and associated ampli<;iors. 

2. Magnitude controlled feedback switches. 

Each of the two MDACS receive 10 bits of digital slope informa- 
tion from the M70]0 module. The basic ramp is brought ix.?o tie A3170 
and buffered by two DEC 310 voltage followers (see Figure 2) The 
output of the followers drive the reference input of the MDACS In 
addition, an offset adjustment is provided at the MDAC roferon'-^ 
input to bias up the MDAC input for phase relationship betweon'x and y. 

The output of the MDAC is a current that is converted to a voltage 
of the proper polarity and magnitude by the output op-amps (LM318) 
An offset adjustment is provided for in both X and Y, and a gain 
trim for the X output. Slope modification is performed by the MDAC- 
whereas the output is equal to the reference input times the 10 bit' 
digital input word. In other words, the MDAC is digitally adjustable 
variable gam follower where MAX gain is equal to all ones at the 
digital input and zero gain is equal to all zeros at the digital input 
At maximum gain the amplification through the MDAC chain is 1/2 



The output of the MDACS are fed-back to two FETS driven by the 
"greater than" output of the M7010. if x is > than Y; X is fed-back 
to the A3iao comparator otherwise Y is fed-back. 

The maximum gain (MDAC inputs all ones) from the input of the LM310 
to the output of the LM318 is one half. Therefore, addition of the 
Arbitrary vector option to the VT15 system will require that the ramp 
output of the A3180module (input to the A3l70)will have to ramp to 
twice the voltage to reach the final compare value on the output of the 
A3170. To compensate for the doubling of the execution time which this 
would cause and the system non linearities which this would show, the 
ramp speed is automatically doubled in the A3180 module 



DEC FORM NO 
DRA 108A 



SIZE 

A 



CODE 

SP 



NUMBER 

VVl 5-0-1 



REV 

B 



SHEET 



OF 



12 



EOiUdSO CONTINUATION SHEET 



TITLE VV15 hF311RARY VECTOR OPTION TO VT15 




jwnim 



umuiki 







30 



SIZE 

A 



CODE 



NUMBER 

V\'15-0-l 



REV 

B 



ENGINEERING SPECIFICATION 



mm:^ 



CONTINUATION SHEET 



TITLE 



4.0 (Continued) 

Adjustment of the input ramp's slope is necessary due to the CRT 
monitor's sensitivity to vector speed. For example, if a vector of 
X = Y = 10000 units were to be drawn in the arbitrary vector mode, 
the "normalization" sequence would leave the.A3170 adjusted for half 
gain. This would mean the vectors would be drawn at half the speed of 
maximum comparable basic vectors. Under these conditions the length 
of the lines would be longer than the same basic vectors due to non- 
linearities in the CRT monitor performance. To compensate for this 
problem, the A3180 provides a ten bit DAC which monitors the 
major axis normalized binary number and corrects the speed of the 
integrator. As an example of the correction, if the above example 
were executed the DAC would return a voltage sufficient to double 
the ramp speed thereby overcoming the one-half gain of the MDAC. 
The arbitrary and basic vectors would now be drawn in about the 
same time. 

Arbitrary vectors cannot be rotated using the rotate bit of parameter 
2. 
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5.0 SYSTEM OVERVIEW 



5.1 



DEC FORM NO 
ORA 108A 



Arbitrary Long Vector 

IVhen an instruction 10 is brought into the data buffer 
(DB) and decoded, initiation of the instruction is delayer 
until the second word is received into the input buffer 
(IB) . Upon receipt of the second word the follov;ing tim- 
ing sequence occurs: 



Time State 1: 1) 

MSOl + ISOus 2) 

MSOl + CLK 3) 

Time State 2: 1) 

Time State 2A: 1) 

Time State 3: 1) 

MS03 + ISOns: 

MS03 + 250ns: 



increrrient PC 

DB 8-17 to the AX holding reaister 
4X holding register into DR register 
Add DR to X position reaister, ib 8-17 
to the/iY holding register 
AY holding register to Cr register 

add DR to Y position register 



1) Compare 4X and ^Y slof)e values 

2) greatest component to DR register 

1) DR register to D DAC 

2) begin normalization 

The "arbitrary go" pulse initiates the M7010 internal 

^i M?rtV5®^®.^?^^ ^^^ ^^ ^"^ ^^ holding reaisters on 
the M7010 module are shifted together until a logical 
1 IS sensed at the MSB position of either register. 

^*^^^^,«°^ ^^^^ ?:eason that AX=iY=0 is not allowed in 
mode 10 and mode 30 instructions. 

At this time a start pulse is initiated by the M70in 
to the control circuitry associated with the analoa 
generator. 

The puise drives a 500ns delay and supplies the time 
delay necessary for the multiplying DAC's setting 
before moving the reference input. 

At the termination of this delay tine a pulse sets thfi 
generator start flip-flop and the ramp oenerator begins 
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Previously, signals to determine which component, /3 X or /sY, is 
greater sets the comparator multiplex switches. 

t 

BEFORE the input ramp goes from zero to its proper level, the MDAC's 
modify its slope according to their "normalised" inputs. The greater 
of these output slopes is returned via the comparator multiplexer to 
the magnitude comparator on the A3(80 where it is compared for equality 
with thezjDAC, as well as being summed at the A238 for line drawing on 
the CRT Qionitor. 

vmen comparison is reached the MIP flip-flop goes to zero, termin- 
ating the vector and recycling the mode if the repeat register is not 
zero, or going on to the next instruction if it is. 

5.2 Arbitrary Short Vector 

This mode operates essentially the same as the Arbitrary Long 
Vector mode with the exception of eliminating two requests on the I/O 
bus before initiating the mode. Since, both vector components are 
contained within one instruction word, only a single pass at the memory 
is required. Usually the vector will be in the Data Buffer when 
desired due to the double buffering action of the VT15. 
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6-0 Programming 

Two instructions are added to the Graphic 15 repertoire as part 
of the W15 option - Arbitrary Long Vector and Arbitrary Short 
Vector. 



6.1 Arbitrary Lrnc Vector 

12 3 4 S 

1st 
word 



2nd 
v7ord 







1 


2 


3 


4 


5 


6 


7 


8 




17 








1 







P 

"Y/^ 


+ = 
- = 1 


K 


10 Bits AY 



The long vector instruction requires two PDF- 15 words for de- 
finition. The first word defines the AX component (bits 8 
through 17), its relative direction (right = 0, left = 1, bit 6), 
whether the full vector is intensified (bit 4=1) or blanked 
(bit 4=0) and has the option to enable the light pen for this 
vector (bit 5 = 1) . The second word contains the AY component 
(bits 8 through 17), and its relative direction (bit 6 = is up, 
bit 6 = Iris down). Order codes for both words are 10 g as shown. 
Restrictions to this mode are that both words must be present to 
properly execute the vector and that the condition of AX = AY = 
(zero) is illegal. Under the conditions of AX = AY = 0, the VT15 
will hang in an endless "normalization" loop. 



Arbitrary Short Vector 
T 2,3 4 . 5. 



INT 
ENA=1 



LP ENA|+ = 
= 1 



T— T 



5 Bits A X 



11 12 1 3 



-17 



ff = 
= 1 



5 Bits AY 



The arbitrary short vector is very similar to the long vector 
with the exception of both AX and AY components being defined 
within one PDP-15 word. This gives the advantage of both compact 
core usage and more efficient bus timing (double buffering is in 
effect for short vector instructions) , but allows only short 
vectors to be drawn (up to 37 raster units) . Ho^^7ever, by 
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using the scaling register longer effective vectors may be drawn. 
The definition of the bit functions are the same as long vector. 

Both modes draw in relative format, that is the start point in 
from the present position on the screen and moves to an end 
position equal to X INITIAL+ AX, YjnitIAL + ^^ ^s shown below. 



START 
X, Y 




END 

X + AX, Y + 

AY 



AY 



In addition, care must be taken not to allow the condition of 
/\X = AY = to occur in either Arbitrary Long or Short Vector 
modes. A zero length vector maybe defined in the basic vector 
modes. ALSO SEE PAR- 6.3.1. 

6.3 PROGRAMMING RESTRICTIONS 

6.3.1 ZERO LENGTH VECTOR 

X = Y = is not allowed and will cause the VT15 to hang in an 
endless normalization loop. Zero length vectors may be specified in 
the basic vector modes. OPTION ECO *. ^7010 -00003 WILL ALLOW THE VVI5 
TO ACCEPT ZERO LENGTH VECTORS. 

6.3.2 ROTATE: 

Arbitrary vectors must not be rotated. Care must be taken to 
clear the rotate flip-flop before entering arbitrary vector modes. 

7.0 ADJUSTMENT PROCEDURE 

The adjustment procedure is covered in detail in "VT15 system 
adjustment procedure" A-SP-VT15-0-5 I . 
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